Objective: As the first operational societal registry of carotid procedures, the Outcomes Committee of the Society for Vascular Surgery (SVS) developed the Vascular Registry (VR) in response to the Centers for Medicare and Medicaid Services' (CMS) National Coverage Decision on carotid artery stenting (CAS). Although CMS requires data submission only on CAS, the VR collects similar data on carotid endarterectomy (CEA) to allow comparison of outcomes, as well as potential for expansion to other procedures. Methods: SVS-VR on-line provider-reported data include baseline through follow-up visits to better understand long-term risks and benefits associated with CAS and CEA. The primary outcomes are combined death, stroke, and myocardial infarction (MI). An independent data coordinating center maintains the database, which is Health Insurance Portability and Accountability Act (HIPAA)-compliant and auditable. Results: As of December 26, 2007, 6403 procedures with discharge data were entered by 287 providers at 56 centers on 2763 CAS patients (1450 with 30-day outcomes, 52.5%) and 3259 CEA patients (1368 with 30-day outcomes, 42%). Of the total cohort, 98% of CEA and 70.7% of CAS (P < .001) were performed for atherosclerotic disease. Restenosis accounted for 22.3% and post-radiation induced stenosis in 4.5% of CAS patients. Preprocedure lateralizing neurologic symptoms were present in a greater proportion of CAS patients (49.2%) than CEA patients (42.4%, P < .001). CAS patients also had higher preprocedure prevalence of coronary artery disease (CAD), MI, congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), and cardiac arrhythmia. For CAS, death/stroke/MI at 30 days was 7.13% for symptomatic patients and 4.60% for asymptomatic patients (P ‫؍‬ .04). For CEA, death/stroke/MI at 30 days was 3.75% in symptomatic patients and 1.97% in asymptomatic patients (P ‫؍‬ .05). After risk-adjustment for age, history of stroke, diabetes, and American Society of Anesthesiologists (ASA) grade (ie, factors found to be significant confounders in outcomes using backwards elimination), logistic regression analysis suggested better outcomes following CEA. There were no statistically significant differences when examining CAS outcomes based on center volume. CAS in atherosclerotic disease had significantly worse outcomes than in nonatherosclerotic stenosis. When CAS and CEA were compared in the treatment of atherosclerotic disease only, the difference in outcomes between the two procedures was more pronounced, with death/stroke/MI 6.42% after CAS vs 2.62% following CEA, P < .0001. 
The Society for Vascular Surgery (SVS) Outcomes Committee developed the Vascular Registry (VR) for Carotid Procedures in response to the 2004 Centers for Medicare and Medicaid Services (CMS) National Coverage Decision (NCD) on carotid artery stenting (CAS) 1 for symptomatic high-risk patients with Ͼ70% stenosis, and other patients enrolled in IDE trials, which was based upon the Acculink for Revascularization of Carotids in High-Risk (ARCHeR) 2 (Guidant Corporation, Santa Clara, Calif) and Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy (SAPPHiRE) 3 (Cordis Corporation, Warren, NJ) clinical trials approved by the FDA. Although CMS requires data submission for facility certification/recertification only on CAS, SVS designed VR to collect similar data on carotid endarterectomy (CEA) to allow comparison of outcomes, with potential for expansion to procedures involving other vascular beds.
As the first societal registry to enroll CAS and CEA patients, the SVS-VR is available to all clinical facilities and individual providers in the United States wishing to participate. The VR does not have inclusion or exclusion criteria for patient eligibility and is reliant on site entry of patients in whom CAS or CEA is performed. Since the VR is designed to capture real-world practices, it does not have predefined visit intervals and relies upon each facility's standards of care practice. However, for purposes of reporting, data are allocated to 30-day, 6-month, 1-year, and annual subsequent time points. The VR Audit Program has two purposes: (1) to ensure all cases of CAS/CEA are being reported; and, (2) to verify data accuracy and completeness.
The VR allows each facility real-time access to downloadable datasets of all carotid procedures entered in the registry for that facility with the ability to assess correlations among practitioners, procedures, comorbidities, and outcomes within the facility. In addition, although CMS only requires in-hospital data for certification, longer followup data were included in the VR since perioperative mortality and complications may take place after discharge, and longer follow-up would provide information on recurrent disease. Furthermore, the VR provides reports that allow comparison of outcomes among various facilities in an anonymous manner.
The purpose of this publication is to report the feasibility of the VR and to provide the baseline demographics and risk-adjusted 30-day outcomes of CAS and CEA.
METHODS
VR data are reported by providers through web-based electronic data capture. The measurement schedule includes baseline (preoperative) demographics, medical history, carotid symptom status, and preprocedural diagnostic imaging and laboratory; procedural (CAS or CEA) information including clinical utility, and intraoperative and predischarge complications; and follow-up information such as postoperative mortality, stroke, myocardial infarction and other morbidity. All data entered into the VR are fully compliant with the Health Insurance Portability and Accountability Act (HIPAA) regulations and are auditable. All data reports and analyses performed include only deidentified and aggregated data.
The New England Research Institutes, Inc (NERI, Watertown, Mass) maintains the on-line database. Funding for the administration and database management of the VR has been provided by the Society for VR.
Outcomes. In order to provide information required by the CMS NCD, the primary outcome measure is combined death, stroke, and myocardial infarction (MI). Analysis of 30-day outcomes was based on only those patients who had at least a 30-day postprocedure visit (window 15 to 59 days) or who experienced an endpoint (death, stroke, or MI) within 30 days of treatment. Stroke is defined as any nonconvulsive, focal neurological deficit of abrupt onset persisting more than 24 hours. The ischemic event must correspond to a vascular territory. An MI is classified as either Q wave MI in which one of the following criteria is required: (1) chest pain or other acute symptoms consistent with myocardial ischemia and new pathological Q waves in two or more contiguous ECG leads; or (2) new pathologic Q waves in two or more contiguous ECG leads and elevation of cardiac enzymes; or (3) non-Q wave MI, defined as CK ratio Ͼ2, and CK-MB Ͼ1 in the absence of new, pathological Q waves.
Procedural success data were also collected. A procedure, either CAS or CEA, is deemed successful when all of its components are completed without the need of conversion (CAS to CEA or vice versa) or its abandonment prior to completion.
Statistical methods. Tests of statistical significance were conducted with 2 or Fisher's exact tests for categorical variables and analysis of variance (ANOVA) for continuous variables. Descriptive statistics are listed as mean Ϯ standard deviation for continuous variables and percent (frequency) for categorical variables. Subset analyses were performed using the two-tailed t test for continuous variables and the 2 or Fisher exact, as necessary, for discrete/ categorical data. Unadjusted and adjusted odds ratios were used to compare the primary outcomes across treatment groups. Odds ratios were adjusted for age and any significant baseline factors that were kept after using backwards elimination methods. Differences were considered significant if P Ͻ .05. All statistical analyses were performed by NERI using SAS Statistical Software (Cary, NC).
RESULTS
For the purpose of this study, data collected in the VR from beginning of electronic data entry on July 11, 2005 to December 26, 2007 were analyzed for death/stroke/MI and compared between CAS and CEA at 30 days postprocedure. Since CMS requires in-hospital peri-CAS results for recertification, a subgroup analysis was performed to analyze intraoperative and predischarge data. A total of 6403 procedures with discharge data were entered by 287 providers from six specialties at 56 centers on 2763 CAS patients (1450 with 30-day outcomes, 52.5%) and 3259 CEA patients (1368 with 30-day outcomes, 42%). The specialties represented in the VR are vascular surgery, interventional cardiology, interventional radiology, neurosurgery, neuroradiology, and cardiothoracic surgery. Baseline demographics for the entire cohort by treatment arm are presented in Table I . The average age was 71 years, approximately 59% were male, and 93% were white for both treatment arms.
There was a statistically significant difference in symptomatology, with 49.2% of CAS and 42.4% of CEA being performed in patients presenting with lateralizing neurologic symptoms (P Ͻ .001). CAS patients had higher prevalence of preprocedure stroke (25% vs 19% CEA, P Ͻ .001), transient ischemic attack (TIA) (21% vs 19% CEA, P ϭ .02), CAD (61% vs 48% CEA, P Ͻ .001), MI (22% vs 17% CEA, P Ͻ .001), CHF (13% vs 7% CEA, P Ͻ .001), chronic obstructive pulmonary disease (COPD) (18% vs 16% CEA, P ϭ .035), peripheral vascular disease (37% vs 35% CEA, P ϭ .035), and cancer (17% vs 12% CEA, P Ͻ .001). In addition, the CAS arm had a statistically significant higher incidence of American Society of Anesthesiologists (ASA) grade Ͼ3 (9% vs 7% CEA, P ϭ .04) and New York Heart Association (NYHA) class for congestive heart failure Ͼ2 (13% vs 7% CEA, P Ͻ .001).
There was no significant difference in procedural success rates between CEA (99.9%) and CAS (99.1%). The CAS procedural failures include conversions to CEA. A total of 38 CAS patients (1.4%) had a second ipsilateral procedure also captured in the VR; while two had a third ipsilateral procedure. Of these secondary procedures, six were considered conversions to CEA (defined as a CEA performed on the same side within 30 days of the initial CAS procedure). Of the CEA patients, 14 (0.4%) had a second ipsilateral procedure and none had a third ipsilateral procedure.
In order to report on 30-day outcomes, an assessment of follow-up visits was made. At the time of the data freeze, there were a total of 56 sites participating in the VR. Of those, 37 sites had entered follow-up information on at least 20% of their enrolled patients. In order to capture all the visits, wide visit windows were used for each interval. For example, for 30-day complications, any complication that was reported to have happened within 30 days of the procedure and was reported by the patient during a visit that occurred 15 to 59 days postprocedure was considered for the 30-day interval. A sub-dataset of patients with any follow-up that accurately determine 30-day complication rates was created. Of the entire cohort (6022 patients), 2818 (44%) patients had a follow-up visit or died within 30 days (CAS ϭ 1450, 52.2% of total CAS patients; CEA ϭ 1368, 42% of total CEA patients).
In order to ensure adequate comparison of baseline risk factors, Table II shows the baseline demographic and medical history of the subset of patient with follow-up information. Similar to the entire cohort, the subset of patients with follow-up demonstrated a statistically significant difference in symptomatology, with 45% of CAS and 37% of CEA being performed for symptomatic disease (P Ͻ .001). CAS patients had higher prevalence of preprocedure stroke (25% vs 21% CEA, P ϭ .004), transient monocular blindness (TMB)/amaurosis fugax (8% vs 5% CEA, P ϭ .002), CAD (61% vs 46% CEA, P Ͻ .001), MI (24% vs 16% CEA, P Ͻ .001), cardiac arrhythmia (14% vs 11% CEA, P ϭ .03), CHF (15% vs 7% CEA, P Ͻ .001), diabetes (33% vs 26% CEA, P Ͻ .001), COPD (18% vs 12% CEA, P Ͻ .001), gastrointestinal (GI) ulcer/bleeding (4% vs 2% CEA, P ϭ .02), smoking (59% vs 56% CEA, P ϭ .05), and cancer (19% vs 10% CEA, P Ͻ .001). In patients with follow-up, there was a higher incidence of peripheral vascular disease in the CEA arm (46% vs 38% CAS, P Ͻ .001). In addition, the CAS arm had a statistically significant higher incidence of ASA grade Ͼ3 (6% vs 5% CEA, P ϭ .04) and NYHA class Ͼ2 (13% vs 10% CEA, P ϭ .04).
Procedurally, out of 1450 CAS patients, 1376 (94.9%) had embolic protection and 74 (5.1%) did not. Out of 1368 CEA patients, 952 (69.6%) had patch and 416 (30.4%) did not. For the subset of patients with 30-day follow-up, there were unadjusted statistically significant differences among 30-day event rates between treatment arms, as seen in Table III . The CAS arm had higher 30-day event rates compared with CEA. This significant difference was maintained even after the data were risk-adjusted. Table IV provides the unadjusted and adjusted odds ratios for several pertinent outcomes using logistic regression. Age, race/ethnicity, symptomatology, history of atherosclerosis, CAD, MI, arrhythmia, CHF, diabetes, TIA, TMB/amaurosis fugax, stroke, COPD, peripheral vascular disease (PVD), GI bleed, cancer, ASA grade, and NYHA class were all considered as potential confounders on the outcomes of death, stroke, and MI. Mean-centered age, diabetes, stroke, and ASA grade (Յ3, Ͼ3) were significantly different between the CAS and CEA arms at baseline and had a significant effect on the outcomes of death, stroke, and MI using backwards elimination techniques. Therefore, a parsimonious model of mean-centered age, diabetes, stroke, and ASA grade (Յ3, Ͼ3) was used to adjust the estimates, which are presented in Table IV .
Although preoperative stroke was included in the risk adjustment model, TIA and TMB/amaurosis fugax were not because they were not statistically significant factors on backward elimination. In order to analyze CAS outcomes based on the experience of the medical center performing this procedure, centers were divided into those performing less than 25 procedures, 25 to 50 procedures, and over 50 procedures (Table V) . The data show no statistically significant difference in outcomes based on the number of CAS procedures performed.
There was a statistically significant difference in carotid artery disease etiology, with 98% of CEA compared with 70.7% of CAS (P Ͻ .001) being performed for atherosclerotic disease. In the CAS arm, 22.3% and 4.5% were performed for recurrent stenosis and radiation-induced stenosis, respectively. Within the CAS arm, when we compared the results based on the etiology of the stenotic lesion, there was a statistically significant higher incidence of 30-day postprocedural stroke (P ϭ .049) when the atherosclerosis group (41/982, 4.1%) was compared with the nonatherosclerosis group (10/468, 2.1%), Table VI . When CAS and CEA were compared in the treatment of atherosclerotic disease only, the difference in outcomes between the two procedures was more pronounced, with CAS faring worse in death/stroke/MI (6.42% vs 2.62% CEA, P Ͻ .0001, respectively), death (2.04% vs 0.75% CEA, P ϭ .0085, respectively), and stroke (4.18% vs 1.64% CEA, P ϭ .0003; Table VII ).
In addition to examining the adjusted odds ratios in Table IV , a subset analysis of symptomatic vs asymptomatic patients was performed. tients. The CAS arm had significantly more symptomatic patients 44.5% vs 37.0% in the CEA arm. The P values in Table VIII indicate that although symptomatology may confound the relationship between procedure type and key outcomes, it does not modify the relationship (ie, symptomatic patients are more likely to have adverse events, regardless of the procedure type). For CAS, combined death/stroke/MI at 30 days was 7.13% for symptomatic patients and 4.60% for asymptomatic patients. For CEA, death/stroke/MI at 30 days was 3.75% in symptomatic patients and 1.97% in asymptomatic patients. After risk-adjustment for age, history of stroke, diabetes, and ASA grade (ie, factors found to be significant confounders in outcomes using backwards elimination); logistic regression analysis demonstrated better outcomes following CEA.
There were no statistically significant differences in either the CAS or CEA arm in 30-day outcomes when performing gender analysis, as seen in Table IX. In the CAS arm, there was a higher rate of death/stroke/MI in females (7.0%) compared with males (4.9%), P ϭ .106. In the CEA arm, males had a higher death/stroke/MI rate (3.2%) compared with females (1.8%), P ϭ 0.167.
Since CMS requires only in-hospital, predischarge results to be reported for CAS facility recertification, we performed a subgroup analysis for intraprocedure and predischarge data (Table X) . CAS data indicated that an additional 1.79% of combined death/stroke/MI take place after hospital discharge but within 30 days of procedure (Fig) compared with only 0 .58% for CEA.
DISCUSSION
The SVS has developed vascular registry expertise over the last decade with the initial emphasis being on compiling the data from US FDA approved clinical trials of abdominal aortic endografts compared with control surgical procedures. This registry has provided valuable data regarding the efficacy of endovascular repair of AAA, particularly in high-risk patients, 4 and has produced a surgical control data analysis that will be available for comparison for future endograft trials. 5 This registry's experience and the recent CMS NCD decision that called for outcomes reporting as a condition for CAS facility recertification stimulated the SVS and its Outcomes Committee to create an on-line registry that prospectively collects data on carotid artery procedures. Although the NCD required data only on CAS, SVS decided to include data collection on CEA as well to allow for further comparisons between the two procedures. This is particularly important for not only determining the natural history of CAS compared with CEA but also for providing broad-based clinical outcomes and practice pattern data that will provide quality assessment measurements and standards developed using contemporary data. In addition, while the CMS NCD requires only in-hospital predischarge data on CAS procedures, the SVS-VR collects long-term data well beyond the immediate postprocedure period to allow for better understanding of the long-term impact of CAS and comparison between CAS and CEA. The Audit Program, which began in September 2006 when the first site was audited, was designed to (1) verify that the data entered into the VR were accurate and complete, and (2) ensure all cases of CAS and/or CEA are entered into the VR. For the purpose of this review, we analyzed data collected during the initial 18 months of registry activity to provide and compare 30-day outcomes of CAS to those of CEA. Of 6022 patients who were entered in the VR, 2818 patients (1450 CAS patients and 1368 CEA patients) have had 30-day outcomes entered; therefore, this study was based on data derived from this sub-group. As the VR matures, and if CMS mandates longer term outcomes assessment, the percentage of patients with extended fol- low-up should improve. In addition, since the CMS NCD regarding CAS calls for reporting only on in-hospital data, we analyzed and compared intraprocedure and predischarge data for CAS and CEA to 30-day outcomes to find out whether complications of these procedures do occur and are reported beyond the in-hospital, predischarge period. We focused our outcome comparisons on the combined death/ stroke/MI since many other reported series used this end-point and that the CAS NCD was based on this composite endpoint. In comparison to other reported studies, the overall 30-day outcome of death/stroke/MI in the CAS arm (5.7%) is consistent with the outcomes observed in Boston Scientific EPI-A Carotid Stenting Trial for High Risk Surgical Patients (BEACH) 6 (5.8%) and Medtronic AVE Self-Expanding Carotid Stent System with distal protection in the treatment of Carotid stenosis (MAVErIC) 7 (5.9%), but higher than Carotid Revascularization using Endarterectomy or Stenting Systems (CaRESS) 8 (8.5%), and CAPTURE 13 (6.3%). However, a 5.7% composite outcome for CAS in our study was significantly higher than that for CEA (2.63%, P Ͻ .001). When these outcomes were risk-adjusted for age, diabetes, stroke, and ASA grade, CAS continued to have a significantly higher composite outcome than CEA with adjusted odds ratio (AOR) of 1.96, P Ͻ .001. In addition, except for MI, each of the components of combined outcome has shown a significantly higher AOR for CAS compared with CEA (Table  IV) . Although the AOR for MI did not reach statistical significance, the AOR for MI in CAS was 1.78 compared with CEA. Results of the symptomatic VR subset may also be compared with those of the recently published EVA- 
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14 randomized controlled trial of CAS vs CEA in 527 symptomatic patients. The 30-day stroke or death rate following CEA was 3.9% in EVA-3S, while the combined end point of stroke, death, or MI was slightly less (3.75%) in symptomatic VR patients. Likewise, the 30-day stroke or death rate following CAS in EVA-3S was 9.6% compared with 7.13% for the combined death/stroke/MI end point in symptomatic VR patients. While the reported event rates in both studies favor CEA in symptomatic patients, the VR CAS results were less morbid than those of EVA-3S.
In this series, patients in the CAS group had significantly higher proportion of preprocedure lateralizing symptoms (49.2% vs 42.4% for CEA, P Ͻ .001). This is expected since the NCD coverage is limited to high surgical risk symptomatic patients with greater than 70% carotid artery stenosis, and asymptomatic patients may be covered by Medicare only when enrolled in IDE trials. In both CAS and CEA patients, asymptomatic patients fared better on the composite outcome than those with symptoms; however, the results reached statistical significance in the CAS group only (Table VIII) .
It is of interest to note that the etiology of the carotid stenosis in the CAS and CEA groups was significantly different. Although over 97% of CEA procedures were performed for stenoses caused by atherosclerotic disease, only 67.7% of CAS procedures were performed for this etiology. About one third of CAS procedures in our study were performed for stenoses caused by etiology other than atherosclerosis the most common of which were recurrent stenosis and history of prior neck irradiation. When outcomes in CAS group were analyzed based on etiology, only postoperative stroke rate was found to be significantly higher when CAS was performed for stenoses caused by atherosclerotic lesions (4.1% vs 2.1% for nonatherosclerotic etiology, P ϭ .049). This confirms other reported series that suggested that CAS performed for recurrent carotid artery stenosis has more favorable results. 15 It is important to note that this study's results suggest that in-hospital outcomes are not adequate to capture the full spectrum of carotid procedures impact especially in CAS. We performed a subgroup analysis for intraprocedure and predischarge data and compared them with outcome data from full 30-day follow-up, which was documented in almost half of the patients in this study for both CAS and CEA (Table X) . The results indicated that 31% of 30-day combined complications appear after hospital discharge in CAS patients (Fig); therefore, reporting in-hospital data only as required for CAS facility recertification do not reflect the full picture of CAS outcomes.
The main weakness of this study is its reliance on self-reporting with its biases inherent to any registry-based study. To minimize such bias, the Outcomes Committees provided strict definitions of complications for conformity. In addition, the Committee put together an auditing process of the data. Furthermore, some facilities entered either CAS or CEA data; some institutions do not perform CAS and elected to participate in the VR and enter only CEA data. Others entered only CAS data. One criticism usually leveled against studies comparing CAS with CEA is that the centers performing CAS usually perform small numbers of this procedure; therefore, its outcomes are worse than CEA. 16 To test this argument, we analyzed our data based on the number of CAS procedures performed by various centers. We found no statistically significant difference in CAS outcomes among centers performing less than 25 procedures, 25 to 50 procedures, or over 50 CAS procedures (Table V) . In addition, the majority of CAS procedures were performed in centers performing more than 25 procedures. Therefore, the reason why CAS outcomes do not match those of CEA in this report is not low CAS volume experience in participating centers.
The debate about the interpretation of the results of this study as well as results of other CAS studies will continue until randomized trials such as International Carotid Stenting Study (ICSS) 17 in Europe and CREST 15 in North America are reported. However, independent of the potential impact that randomized trials may have on defining the role of CAS and CEA, concurrent cohort entry of all patients treated for extracranial carotid disease in independent and verifiable registries will provide information about current practice patterns and efficacy and will provide an important component of quality assessment and establishment of practice standards. 
